Abstract -Mulberries have importance in the sericulture industry as food for Bombyx mori, silkworm reared for its silk. Korean Morus alba have many cultivars and, for the protection of these cultivars and for utilization in plant-breeding programs, genetic information and the diversity among cultivars are essential. This study with 14 mulberry genotypes was undertaken using RAPD and ISSR fingerprinting to discover the genetic divergences between cultivars. Polymorphism rate among the cultivars produced by RAPD primer was found to be 64.48% and 66.29% relative to ISSR primer. The genetic relationships among the cultivars were identified using a dendrogram constructed with the UPGMA clustering method. Nei's method was used to calculate the genetic dissimilarity coefficients between each pair of genotypes, and the highest dissimilarity coefficient of 0.246 was exhibited between Suwon and Hwanggum cultivars. To determine the efficiency of each primer, a polymorphic index was calculated, and the robustness of the dendrogram was checked using cophenetic correlation coefficient. The results of this study can be utilized for the improvement of mulberry varieties in plant-breeding programs.
Introduction
Mulberry is a deciduous tree and is a typical East Asian genus found in tropical, subtropical, and temperate regions of the world (Sastry, 1984) . The mulberry belongs to genus Morus, which has been classified into many species and subspecies, primarily based on the floral characteristics (Koidzumi, 1917; Hotta, 1954; Katsumata, 1972) , while later studies by Hirano (1982) classified mulberry based on protein profiles. The earlier studies based on morphological and biochemical characteristics of mulberry showed a divergence of genotypes (Mala et al., 1997; Fotedar and Dandin, 1998; Vijayan et al., 1999) .
At present, the mulberry is recognized to have 68 species, among which Morus alba is an important source of food for the silkworm Bombyx mori. In Korea, the mulberry is also cultivated for manufacture of many food products. The identification and characterization of the cultivar is first step for any fruit introduction and improvement program. The information on genetic diversity of cultivars will also facilitate breeding efforts (Yonemoto et al., 2006) .
There are many molecular techniques that can be used to analyze the cultivars, including Random Amplified Polymorphic al., 2006), and in Arachis hypogea (Raina et al., 2001 ) using the RAPD markers. The RAPD technique is used to elucidate the genetic diversity between related individuals (Williams et al., 1990; Welsh et al., 1990) .
Inter-simple sequence repeats (ISSRs) have been introduced as molecular markers (Zietkiewicz et al., 1994) and are semi-arbitrary markers that emerged as an alternative technique based on the reliability and advantages of microsatellites and the broad taxonomic applications of RAPD (Ammiraju et al., 2001) . Several studies have been conducted using ISSR markers to determine the genetic diversity among cultivars of rice (Blair et al., 1999; Wu and Tanksley, 1993) , potato (Prevost et al., 1999) oilseed rape (Charters et al., 1996) , corn (Kantety et al., 1995) , safflower (Deepmala Sehgal and Soom Nath Raina, 2005) , and citrus (Fang and Rose, 1997) . In this current study, we used RAPD and ISSR markers to study the genetic relationships among the 14 mulberry genotypes grown in the Jeonju region of South Korea.
Materials and Methods

Sample Collection
Leaves from 14 selected mulberry genotypes (Morus alba L.) from the Sericultural Institute of Chonbuk, South Korea were collected and separately placed in air-lock packs and stored at -80℃ for DNA extraction. The names and accessions given to the 14 genotypes, morphological characters and leaf size are as presented in the table 1.
Isolation of genomic DNA
Leaves were used for genomic DNA isolation using the method of Doyle and Doyle (1987) , with some modifications.
Ten milligrams of leaf sample was weighed and finely ground into a powder using liquid nitrogen in sterilized, clean Eppendorf tubes. Five hundred microliters of extraction buffer, prepared with 2% CTAB, 100 mM Tris-HCl (pH 8.0), 200 mM EDTA (pH 8.0), 1.4 M NaCl, 0.5% β-mercaptoethanol, and 1.5% PVP, was added and vortexed well. The tubes were incubated at 65℃ in a water bath for 15 min with regular mixing of sample every 5 min. After incubation, equal volumes of chloroform were added, and the tubes were gently inverted and mixed well. The centrifugation of the tubes was carried out at 4℃ for 10 min at 12,000 g. Into the fresh tube, 500 µl of aqueous layer was carefully transferred, followed by 500 µl of cold 2-propanol. Centrifugation was again carried out at 12,000g and 4℃ for 10 min. The DNA was pelleted and washed twice with 70% ethanol. The washing was followed by air-drying and dissolution of DNA in 100 µl of sterile Millipore water. The isolated DNA was quantified using 0.8% agarose gel electrophoresis, and the DNA was diluted to a uniform concentration of 10 ng/µl for RAPD and ISSR fingerprinting.
PCR amplification of the DNA with RAPD primers
The RAPD analyses were carried out using 40 primers, 20 primers from each OPA and OPY set. The names and the sequences of the primers utilized for the study are provided in 
Scoring and data analysis
The bands produced by each primer set were analyzed, with each band treated as a unit, and score of 1 was assigned to the presence of a band, while a score of 0 was given for the absence of a band. Bands were considered polymorphic if the amplified product was not present in at least one of the cultivars, whereas if the same band was present in all genotypes, it was considered to be monomorphic. The dissimilarity matrix and the dendrogram construction were performed using NTSyspc 2.11c (Numerical Taxonomy System). The Nei72 (Nei, 1972) method was used to construct the dissimilarity matrix, which is given as dij = -ln [Σk (xki.xkj)/sqrt(Σk x   2 ki.x 2 kj)]. Cluster analysis was performed using the dissimilarity matrix and the UPGMA (Unweighted Pair Grouping Method using Arithmetic average) method. From the tree matrix, cophenetic matrix was computed, compared with the original dissimilarity matrix and the cophenetic correlation coefficient was calculated using Mantel's matrix correspondence test (Mantel, 1967) .
The multiplex ratio was calculated for each marker by dividing the total number of amplified bands (monomorphic and polymorphic) by the total number of assays (i.e., the primer combinations employed) as described by Powell et al.(1996) .
The PIC (polymorphic index) of each marker was calculated using modified form of original formula PIC=1-Σ Pi 2 , where
Pi is the band frequency of i th allele (Smith et al., 1997) . For RAPD and ISSR markers, the PIC was calculated as 1-p
where p is band frequency and q is no-band frequency (Ghislain et al., 1999) . These PIC values were used to calculate the 
Results and Discussion
Morphological Character analysis
Among the fourteen genotypes Suwon genotype was found to be medium flowering, leaves are of high quality and are used to feed the young silkworm larva, produced more fruits and freezing tolerance was quite strong. The common characters Table 5 . Number of bands and sizes of products generated by the ISSR primers. the results from earlier studies on mulberries .
The application of a molecular marker technique for analysis depends on number of markers produced by each primer and 
Genetic dissimilarity among the genotypes
The genetic dissimilarity coefficients were estimated individually for RAPD and ISSR markers, as well as for the combined RAPD and ISSR marker, using the Nei method. Table 8 .
The dissimilarity coefficients calculated from ISSR markers ranged between 0.293 and 0.076. The Gakyongsang and Hwanggum cultivars had the highest dissimilarity coefficient of 0.293, followed by the Gakyongsang and Hyangsang cultivars with 0.266. The dissimilarity coefficients calculated for the ISSR marker are given in Table 9 . The Jakchunil and Jungko cultivars were closely related to each other and had the lowest dissimilarity coefficient of 0.076, while the Hosam cultivar was also found to be similar to Jungko, having a 0.091 M1  M2  M3  M4  M5  M6  M7  M8  M9  M10  M11  M12  M13 Table 9 . Distance matrix values among 14 mulberry genotypes based on ISSR markers. 
Cluster analysis of the genotypes
The dendrograms were generated from RAPD, ISSR, and RAPD+ISSR fingerprinting using UPGMA analysis and are presented in Figs. 1, 2, and 3, respectively. The dendrogram M1  M2  M3  M4  M5  M6  M7  M8  M9  M10  M11  M12  M13  M14  M1 13 -Jakchunil, 14-Jungko. The interactions of different processes, such as the longterm evolutionary history of populations including shifts in distribution, habitat fragmentation, and population isolation, mutation, genetic drift, mating system, gene flow and selection are reflected through the genetic structure of the plant . According to Bhat et al.(1999) , the extent of distribution, sampling area, and plant characteristics such as reproduction, breeding behavior, and generation time are some of the important parameters which illustrate the level of genetic variability revealed in a taxon. The RAPD and ISSR analyses were selected as they are very simple and costeffective methods and because these two markers amplify different regions of the genome in order to measure genetic variability of the plants. It was obvious that the dendrogram generated using RAPD and ISSR markers were different because the regions amplified by the markers were different.
Similar results have been reported in earlier studies with Jatropa curcas and mulberry (Gupta et al., 2008; . The genetic diversity in the cultivars of the mulberry may be due to any of one or more of the combinations of natural mutations, cross-pollination, and propagation techniques (Ozrenk et al., 2010) . Previous studies have shown that the greater genetic diversity present among the cultivated forms was due to free natural hybridizations (Vijayan and Chatterjee, 2003; Vijayan et al., 2004) . The isozymes and sap protein analysis did not differentiate significant differences between mulberries (Hirano, 1980) . Previous studies using RAPD, ISSR, and AFLP molecular markers demonstrated the genetic differences among the species and genotypes (Sharma et al., 2000; Aswathi et al., 2004; Vijayan et al., 2006; Orhan et al., 2007; . The results of our RAPD and ISSR fingerprinting reveal wide variation among the 14 genotypes, which reflects high polymorphism at the DNA level.
To verify the robustness of the dendrogram, the cophenetic correlation coefficient was calculated for RAPD, ISSR, and RAPD + ISSR markers. First, the cophenetic matrix was constructed; then, using genetic dissimilarity matrix and cophenetic matrix, the cophenetic correlation was calculated.
The cophenetic correlation coefficients (r) for the RAPD, ISSR, and RAPD + ISSR markers were 0.84, 0.72, and 0.80, respectively, which were also found to be significant.
The results of this study are very important for detecting diversity among genotypes. The current use of the RAPD and ISSR markers also provides a clear picture of the genetic relationships among the genotypes. The results of the polymorphism rate and the polymorphic index also provide information about the primers, which can be utilized for further studies of the diversity among closely-related mulberry cultivars. The results of this study can be utilized for breeding programs to develop good, fertile, and resistant varieties.
